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OPTIMIZED DATABASE RESOURCE Internet , a wireless wide area network , a local area network , 
HANDLING a wide area network , a wired network , or the like ) , via a 

direct connection between one or more of the multiple 
TECHNICAL FIELD computing systems , etc. 

The subject matter described herein provides many tech 
The subject matter described herein relates to techniques nical advantages . For example , the current subject matter 

for more effective handling of resources within a data enables optimization of resources contained within a 
container of an in - memory database . resource container within an in - memory database such that 

resources that are less likely to be utilized are evicted from 
BACKGROUND 10 the resource container . 

The details of one or more variations of the subject matter 
Database systems are susceptible to failure for a variety of described herein are set forth in the accompanying drawings 

reasons including both software and hardware related issues . and the description below . Other features and advantages of 
Various techniques are employed to ensure the consistency the subject matter described herein will be apparent from the 
of a database and to , additionally , ensure that databases can 15 description and drawings , and from the claims . 
be recovered should errors occur . The point at which a 
transaction can be rolled back to can be referred to as a DESCRIPTION OF DRAWINGS 
savepoint . If an error occurs in the midst of a multiple 
statement transaction , the database system can recover from FIG . 1 is a system diagram illustrating an example data 
the error by rolling back to a most recent savepoint without 20 base system for use in connection with the current subject 
needing to abort the entire transaction . matter ; 

FIG . 2 is a system diagram illustrating an example data 
SUMMARY base system that can support distribution of server compo 

nents across multiple hosts for scalability and / or availability 
In a first aspect , resources are loaded into a resource 25 purposes for use in connection with the current subject 

container in an in - memory database system in which pages matter ; 
are loaded into memory and having associated physical disk FIG . 3 is a diagram illustrating an architecture for an 
storage . Each resource is assigned a new time stamp when index server for use in connection with the current subject 
such resource is loaded into the resource container . At least matter ; 
some of the references are subsequently accessed and time 30 FIG . 4 is a functional flow diagram illustrating an archi 
stamps associated with these accesses resources are selec tecture to support load balancing between a primary data 
tively updated based on the type of access . These time base system and a secondary database system ; 
stamps are later used to evict least recently used resources FIG . 5 is a functional flow diagram depicting one example 
( as indicated by their time stamps ) from the resource con solution to managing load balancing in a HA / DR system for 
tainer . 35 use in connection with the current subject matter ; and 

The evicting can occur when memory within the resource FIG . 6 is a process flow diagram illustrating optimization 
container needs to be allocated to a different or expanding of resources within an in - memory database . 
resource . In addition or in the alternative , the evicting can Like reference symbols in the various drawings indicate 
occur when a size of the resource container is reduced . like elements . 

In some implementations , a header of each resource can 40 
be modified to indicate whether such access is relevant for DETAILED DESCRIPTION 
eviction purposes or not relevant for eviction purposes . Such 
modifying can include changing a bit in the header . The current subject matter is directed to enhanced tech 

The resources can include one or more of : data pages , niques for allocating pages in an in - memory database . While 
database calculation plans , tables or portions thereof , or 45 the following describes example database implementations , 
database execution plans . it will be appreciated that the subject matter can be applied 

The evicting can include flushing certain resources ( e.g. , to other type of database systems . 
modified pages , etc. ) to be evicted from in - memory to FIG . 1 is a diagram 100 illustrating a database system 105 
physical disk persistence and / or deallocating memory for the that can be used to implement aspects of the current subject 
corresponding resources within the resource container . 50 matter . The database system 105 can , for example , be an 
Non - transitory computer program products ( i.e. , physi in - memory database in which all relevant data is kept in 

cally embodied computer program products ) are also main memory so that read operations can be executed 
described that store instructions , which when executed by without disk I / O and in which disk storage is required to 
one or more data processors of one or more computing make any changes durables . The database system 105 can 
systems , cause at least one data processor to perform opera- 55 include a plurality of servers including , for example , one or 
tions herein . Similarly , computer systems are also described more of an index server 110 , a name server 115 , and / or an 
that may include one or more data processors and memory application services server 120. The database system 105 
coupled to the one or more data processors . The memory can also include one or more of an extended store server 125 , 
may temporarily or permanently store instructions that cause a database deployment infrastructure ( DDI ) server 130 , a 
at least one processor to perform one or more of the 60 data provisioning server 135 , and / or a streaming cluster 140 . 
operations described herein . In addition , methods can be The database system 105 can be accessed by a plurality of 
implemented by one or more data processors either within a remote clients 145 , 150 via different protocols such as 
single computing system or distributed among two or more SQL / MDX ( by way of the index server 110 ) and / or web 
computing systems . Such computing systems can be con based protocols such as HTTP ( by way of the application 
nected and can exchange data and / or commands or other 65 services server 120 ) . 
instructions or the like via one or more connections , includ The index server 110 can contain in - memory data stores 
ing but not limited to a connection over a network ( e.g. , the and engines for processing data . The index server 110 can 
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also be accessed by remote tools ( via , for example , SQL the system as a whole . The different components of the 
queries ) , that can provide various development environment database system 105 can share the same metadata , and 
and administration tools . Additional details regarding an requests from client applications 230 can be transparently 
example implementation of the index server 110 is described dispatched to different servers 1101-3 , 1201-3 , in the system , 
and illustrated in connection with diagram 300 of FIG . 3 . 5 if required . 

The name server 115 can own information about the As is illustrated in FIG . 2 , the distributed database system 
topology of the database system 105. In a distributed data 105 can be installed on more than one host 2101-3 . Each host 
base system , the name server 115 can know where various 2101-3 is a machine that can comprise at least one data 
components are running and which data is located on which processor ( e.g. , a CPU , etc. ) , memory , storage , a network 
server . In a database system 105 with multiple database 10 interface , and an operation system and which executes part 
containers , the name server 115 can have information about of the database system 105. Each host 210 , -3 can execute a 
existing database containers and it can also hosts the system database instance 2201-3 which comprises the set of com 
database . For example , the name server 115 can manage the ponents of the distributed database system 105 that are 
information about existing tenant databases . Unlike a name installed on one host 2101-3 . FIG . 2 shows a distributed 
server 115 in a single - container system , the name server 115 15 system with three hosts , which each run a name server 
in a database system 105 having multiple database contain 110 , -3 , index server 120 , and so on ( other components are 
ers does not store topology information such as the location omitted to simplify the illustration ) . 
of tables in a distributed database . In a multi - container FIG . 3 is a diagram 300 illustrating an architecture for the 
database system 105 such database - level topology informa index server 110 ( which can , as indicated above , be one of 
tion can be stored as part of the catalogs of the tenant 20 many instances ) . A connection and session management 
databases . component 302 can create and manage sessions and con 

The application services server 120 can enable native web nections for the client applications 150. For each session , a 
applications used by one or more remote clients 150 access set of parameters can be maintained such as , for example , 
ing the database system 105 via a web protocol such as auto commit settings or the current transaction isolation 
HTTP . The application services server 120 can allow devel- 25 level . 
opers to write and run various database applications without Requests from the client applications 150 can be pro 
the need to run an additional application server . The appli cessed and executed by way of a request processing and 
cation services server 120 can also be used to run web - based execution control component 310. The database system 105 
tools 155 for administration , life - cycle management and offers rich programming capabilities for running applica 
development . Other administration and development tools 30 tion - specific calculations inside the database system . In 
160 can directly access the index server 110 for , example , addition to SQL , MDX , and WIPE , the database system 105 
via SQL and other protocols . can provide different programming languages for different 

The extended store server 125 can be part of a dynamic use cases . SQLScript can be used write database proce 
tiering option that can include a high - performance disk dures and user defined functions that can be used in SQL 
based column store for very big data up to the petabyte range 35 statements . The L language is an imperative language , which 
and beyond . Less frequently accessed data ( for which is it can be used to implement operator logic that can be called 
non - optimal to maintain in main memory of the index server by SQLScript procedures and for writing user - defined func 
110 ) can be put into the extended store server 125. The tions . 
dynamic tiering of the extended store server 125 allows for Once a session is established , client applications 150 
hosting of very large databases with a reduced cost of 40 typically use SQL statements to communicate with the index 
ownership as compared to conventional arrangements . server 110 which can be handled by a SQL processor 312 

The DDI server 130 can be a separate server process that within the request processing and execution control com 
is part of a database deployment infrastructure ( DDI ) . The ponent 310. Analytical applications can use the multidimen 
DDI can be a layer of the database system 105 that simplifies sional query language MDX ( MultiDimensional eXpres 
the deployment of database objects using declarative design 45 sions ) via an MDX processor 322. For graph data , 
time artifacts . DDI can ensure a consistent deployment , for applications can use GEM ( Graph Query and Manipulation ) 
example by guaranteeing that multiple objects are deployed via a GEM processor 316 , a graph query and manipulation 
in the right sequence based on dependencies , and by imple language . SQL statements and MDX queries can be sent 
menting a transactional all - or - nothing deployment . over the same connection with the client application 150 

The data provisioning server 135 can provide enterprise 50 using the same network communication protocol . GEM 
information management and enable capabilities such as statements can be sent using a built - in SQL system proce 
data provisioning in real time and batch mode , real - time data dure . 
transformations , data quality functions , adapters for various The index server 110 can include an authentication com 
types of remote sources , and an adapter SDK for developing ponent 304 that can be invoked with a new connection with 
additional adapters . 55 a client application 150 is established . Users can be authen 

The streaming cluster 140 allows for various types of data ticated either by the database system 105 itself ( login with 
streams ( i.e. , data feeds , etc. ) to be utilized by the database user and password ) or authentication can be delegated to an 
system 105. The streaming cluster 140 allows for both external authentication provider . An authorization manager 
consumption of data streams and for complex event pro 306 can be invoked by other components of the database 
cessing 60 system 150 to check whether the user has the required 

FIG . 2 is a diagram 200 illustrating a variation of the privileges to execute the requested operations . 
database system 105 that can support distribution of server Each statement can processed in the context of a trans 
components across multiple hosts for scalability and / or action . New sessions can be implicitly assigned to a new 
availability purposes . This database system 105 can , for transaction . The index server 110 can include a transaction 
example , be identified by a single system ID ( SID ) and it is 65 manager 344 that coordinates transactions , controls trans 
perceived as one unit from the perspective of an adminis actional isolation , and keeps track of running and closed 
trator , who can install , update , start up , shut down , or backup transactions . When a transaction is committed or rolled 
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back , the transaction manager 344 can inform the involved tional stores can , for example , store data in main memory . 
engines about this event so they can execute necessary The row store 336 , a column store 338 , and a federation 
actions . The transaction manager 344 can provide various component 334 are all relational data stores which can 
types of concurrency control and it can cooperate with a provide access to data organized in relational tables . The 
persistence layer 346 to achieve atomic and durable trans 5 column store 338 can stores relational tables column - wise 
actions . ( i.e. , in a column - oriented fashion , etc. ) . The column store 

Incoming SQL requests from the client applications 150 338 can also comprise text search and analysis capabilities , 
can be e received by the SQL processor 312. Data manipu support for spatial data , and operators and storage for 
lation statements can be executed by the SQL processor 312 graph - structured data . With regard to graph - structured data , 
itself . Other types of requests can be delegated to the 10 from an application viewpoint , the column store 338 could 
respective components . Data definition statements can be be viewed non - relational and schema - flexible 
dispatched to a metadata manager 306 , transaction control in - memory data store for graph - structured data . However , 
statements can be forwarded to the transaction manager 344 , technically such a graph store is not a separate physical data 
planning commands can be routed to a planning engine 318 , store . Instead it is built using the column store 338 , which 
and task related commands can forwarded to a task manager 15 can have a dedicated graph API . 
324 ( which can be part of a larger task framework ) Incoming The row store 336 can stores relational tables row - wise . 
MDX requests can be delegated to the MDX processor 322 . When a table is created , the creator can specify whether it 
Procedure calls can be forwarded to the procedure processor should be row or column - based . Tables can be migrated 
314 , which further dispatches the calls , for example to a between the two storage formats . While certain SQL exten 
calculation engine 326 , the GEM processor 316 , a repository 20 sions are only available for one kind of table ( such as the 
300 , or a DDI proxy 328 . “ merge ” command for column tables ) , standard SQL can be 

The index server 110 can also include a planning engine used on all tables . The index server 110 also provides 
318 that allows planning applications , for instance for finan functionality to combine both kinds of tables in one state 
cial planning , to execute basic planning operations in the ment ( join , sub query , union ) . 
database layer . One such basic operation is to create a new 25 The federation component 334 can be viewed as a virtual 
version of a data set as a copy of an existing one while relational data store . The federation component 334 can 
applying filters and transformations . For example , planning provide access to remote data in external data source system 
data for a new year can be created as a copy of the data from ( s ) 354 through virtual tables , which can be used in SQL 
the previous year . Another example for a planning operation queries in a fashion similar to normal tables . 
is the disaggregation operation that distributes target values 30 The database system 105 can include an integration of a 
from higher to lower aggregation levels based on a distri non - relational data store 342 into the index server 110. For 
bution function . example , the non - relational data store 342 can have data 

The SQL processor 312 can include an enterprise perfor represented as networks of C ++ objects , which can be 
mance management ( EPM ) runtime component 320 that can persisted to disk . The non - relational data store 342 can be 
form part of a larger platform providing an infrastructure for 35 used , for example , for optimization and planning tasks that 
developing and running enterprise performance manage operate on large networks of data objects , for example in 
ment applications on the database system 105. While the supply chain management . Unlike the row store 336 and the 
planning engine 318 can provide basic planning operations , column store 338 , the non - relational data store 342 does not 
the EPM platform provides a foundation for complete plan use relational tables ; rather , objects can be directly stored in 
ning applications , based on by application - specific planning 40 containers provided by the persistence layer 346. Fixed size 
models managed in the database system 105 . entry containers can be used to store objects of one class . 

The calculation engine 326 can provide a common infra Persisted objects can be loaded via their persisted object IDs , 
structure that implements various features such which can also be used to persist references between objects . 
SQLScript , MDX , GEM , tasks , and planning operations . In addition , access via in - memory indexes is supported . In 
The SQLScript processor 312 , the MDX processor 322 , the 45 that case , the objects need to contain search keys . The 
planning engine 318 , the task manager 324 , and the GEM in - memory search index is created on first access . The 
processor 316 can translate the different programming lan non - relational data store 342 can be integrated with the 
guages , query languages , and models into a common rep transaction manager 344 to extends transaction management 
resentation that is optimized and executed by the calculation with sub - transactions , and to also provide a different locking 
engine 326. The calculation engine 326 can implement those 50 protocol and implementation of multi version concurrency 
features using temporary results 340 which can be based , in control . 
part , on data within the relational stores 332 . An extended store is another relational store that can be 

Metadata can be accessed via the metadata manager used or otherwise form part of the database system 105. The 
component 308. Metadata , in this context , can comprise a extended store can , for example , be a disk - based column 
variety of objects , such as definitions of relational tables , 55 store optimized for managing very big tables , which ones do 
columns , views , indexes and procedures . Metadata of all not want to keep in memory ( as with the relational stores 
these types can be stored in one common database catalog 332 ) . The extended store can run in an extended store server 
for all stores . The database catalog can be stored in tables in 125 separate from the index server 110. The index server 110 
a row store 336 forming part of a group of relational stores can use the federation component 334 to send SQL state 
332. Other aspects of the database system 105 including , for 60 ments to the extended store server 125 . 
example , support and multi - version concurrency control can The persistence layer 346 is responsible for durability and 
also be used for metadata management . In distributed sys atomicity of transactions . The persistence layer 346 can 
tems , central metadata is shared across servers and the ensure that the database system 105 is restored to the most 
metadata manager 308 can coordinate or otherwise manage recent committed state after a restart and that transactions 
such sharing . 65 are either completely executed or completely undone . To 

The relational stores 332 form the different data manage achieve this goal in an efficient way , the persistence layer 
ment components of the index server 110 and these rela 346 can use a combination of write - ahead logs , undo and 

as 
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cleanup logs , shadow paging and savepoints . The persis the hot - standby are observed to be operating normally , at 
tence layer 346 can provide interfaces for writing and which time the remaining functions may be brought online . 
reading persisted data and it can also contain a logger In many applications , data systems may be required to 
component that manages a recovery log . Recovery log provide prompt responses to users and applications that rely 
entries can be written in the persistence layer 352 ( in 5 on the data managed by the data system . Providers and 
recovery log volumes 352 ) explicitly by using a log interface designers of data systems may be required to guarantee a 
or implicitly when using the virtual file abstraction . The minimum average throughput over time , or an average 
recovery log volumes 352 can include redo logs which maximum response time . The speed with which a data 
specify database operations to be replayed whereas data system responds to a request from a user or an application 
volume 350 contains undo logs which specify database 10 may be dependent on many factors , but all systems are limited in the number of requests they can handle in a given operations to be undone as well as cleanup logs of commit period of time . When a data system manages a relatively ted operations which can be executed by a garbage collec large amount of data , and supports a relatively large number tion process to reorganize the data area ( e.g. free up space of users or applications , during high workloads a request occupied by deleted data etc. ) . 15 may be queued , buffered or rejected until sufficient system The persistence layer 236 stores data in persistent disk resources are available to complete the request . When this 
storage 348 which , in turn , can include data volumes 350 happens , average throughput goes down and average 
and / or recovery log volumes 352 that can be organized in response time goes up . One solution to such a problem is to 
pages . Different page sizes can be supported , for example , distribute the workload across multiple processing systems . 
between 4 k and 16M . Data can be loaded from the disk 20 This is known as load balancing . 
storage 348 and stored to disk page wise . For read and write One drawback to load balancing and HA systems is that 
access , pages can be loaded into a page buffer in memory . they may require additional processing systems , which in 
The page buffer need not have a minimum or maximum size , turn have a high cost . It is often the case with certain data 
rather , all free memory not used for other things can be used systems supporting critical functions of an organization that 
for the page buffer . If the memory is needed elsewhere , least 25 additional systems are needed to perform both load balanc 
recently used pages can be removed from the cache . If a ing and HA functionality to efficiently support continuous 
modified page is chosen to be removed , the page first needs operations . Given the redundant nature of DR systems , they 
to be persisted to disk storage 348. While the pages and the are often left undisturbed unless a disaster occurs . Thus , in 
page buffer are managed by the persistence layer 346 , the some circumstances , it is desirable to implement and main 
in - memory stores ( i.e. , the relational stores 332 ) can access 30 tain a combination high availability / disaster recovery ( HA / 
data within loaded pages . DR ) system with load balancing that includes both a primary 

In many applications , data systems may be required to operational system and a hot - standby system , and poten 
support operations on a 24/7 schedule , and data system tially one or more tertiary systems . Such a combination 
providers may be required to guarantee a minimum amount system allows for load balancing of workload between the 
of downtime , that is time during which a system is not able 35 processing systems of both the primary operational system 
to fully support ongoing operations . When a system is and the hot - standby system , without disrupting the ability of 
required to ensure an agreed level of operational perfor the HA / DR system to assume primary functionality in the 
mance , it may be referred to as a high availability system event of a disaster . 
( “ HA ” ) . One solution to guarantee substantially continuous FIG . 4 is a functional flow diagram illustrating an archi 
uptime with no , or very little , downtime is to maintain one 40 tecture 400 to support load balancing between a primary 
or more hot - standby systems . A hot - standby system , or a database system , or primary system 405a and a secondary 
backup system , is a system that may be activated quickly in database system , or secondary system 405b , which serves as 
the event of a disruption causing one or more functions of a hot - standby to primary system 405a . Each of the primary 
primary operational data system to fail . Such a disruption system 405a and the secondary system 405b may be a single 
may be referred to as a disaster , and the process of restoring 45 instance system , similar to database system 105 depicted in 
a data system to full operations may be referred to as FIG . 1 , or each may be a distributed variation of database 
disaster - recovery ( “ DR " ) . system 105 as depicted in FIG . 2. Such an architecture 400 
A hot - standby system may be an exact replica of a may be useful in a high availability data system , or in a 

primary operational system that is capable of providing all disaster recovery system , or in a combination HA / DR sys 
the functions provided by the primary operational system , or 50 tem . 
a hot - standby may be a system that is capable of providing Each of the primary system 405a and secondary system 
a minimum amount of essential functionality during the time 4056 may include a load balancing functionality . Such load 
required to restore the primary operational data system . The balancing functionality may for example be contained 
time it takes after a disaster to restore full , or minimum , within a distinct load balancing server 470a or 470b . But , 
functionality of a data system , for example by bringing a 55 such load balancing functionality may be managed by any 
hot - standby online , is referred to as recovery time . In an suitable processing system . For example , the application 
effort to minimize recovery time , and thereby downtime , services server 120 of the primary system may also manage 
hot - standby system is typically in a state just short of fully the load balancing of requests issued to the application 
operational . For example , a system architecture may be server of the primary system 405a , sending requests to the 
implemented in which all functional systems of the hot- 60 secondary system 405b as necessary to maintain a well 
standby are active and operational , and all system and data distributed workload . 
changes or updates occur in the primary operational system As depicted in FIG . 4 , each of the primary system 405a 
and the hot - standby at the exact same time . In such a case and the secondary system 405b includes a load balancing 
the only difference in the two systems may be that the server 470a and 470b which respectively receive requests 
primary is configured to respond to user requests and the 65 from user applications directed to the primary system 405a 
secondary is not . In other hot - standby systems one or more or the secondary system 405b . Such request may come from 
functions may be disabled until mission critical systems of either admin tools 460 or web - based tools 450 , or any other 

a 
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user application . Upon receiving a request a load balancing while processes within the secondary system 510 itself 
server , e.g. 470a , determines how to distribute the workload . prohibit execution of any requests that require a write 
As depicted load balancing server 470a routes an SQL transaction upon the secondary system while it is in backup 
request 465 from admin tools 460 to the index server 110 of mode . Management of load balancing of the workload 
the primary system 405a , while routing an HTTP request 5 required by a client application executing at client 515 may 
455 from web - based tools 450 to the application services be managed by the client 515 application itself . Alterna 
server 120 of the secondary system 405b . tively , a client 515 application may submit a query request 
Load balancing of resources between a primary system to the primary system 505. A process control 555 load 

405a and a secondary system 405b can give rise to a number balancing process executing on processor 545 then may 
of complicating issues . For example , if either of the requests 10 determine where the query should be executed and replies to 
455 , 465 requires writing to one or more data tables , or the client 515 with instructions identifying which system the 
modifying a data table , then the two systems 405a , 405b will client 515 should issue the query to . 
diverge . After many instances of write requests being dis Primary system 505 may include an in - memory database 
tributed between the primary system 405a and the secondary in which substantially all actively used data may be kept and 
system 405b , the two systems would be substantially dif- 15 maintained in main memory 535 so that operations can be 
ferent , and likely unusable . In another example , an applica executed without disk input / output operations ( I / O ) , which 
tion request , e.g. 465 , may perform a write transaction that requires accessing disk storage . 
is followed by a read transaction , e.g. 455 , related to the data Active operations of applications within processing con 
written by the write request 465. If the write request is trol 555 may cause processor 545 to read and write data into 
allocated to the primary system 405a , the read request would 20 main memory 535 or to disk in the persistence layer 565 . 
obtain a different result depending on whether the subse Processing control 555 applications can also cause processor 
quent read transaction is carried out by the primary system 545 to generate transaction logs ( e.g. , redo log , undo log , 
405a or by the secondary system 405b . cleanup log , etc. ) for capturing data transactions upon the 
Load balancing in a HA / DR system , by distributing a database , which processor 545 then persists in the log 

portion of the workload of a primary data system to a 25 volumes 585 and data volumes 575 respectively . As sub 
hot - standby or backup system must be done in a way that stantially all actively used data may reside in - memory , 
does not disturb the principal purpose of the backup system , processing control 555 may interact primarily with data held 
which is to substantially eliminate downtime in a high in main memory while only resorting to data volumes 575 
availability system by enabling quick and efficient recovery for retrieving and writing less often used data . Additional 
of operations . In other words , as a rule load balancing cannot 30 processes within processing control 555 may be executed by 
break the hot - standby . Given this principal purpose , any processor 545 to ensure that in - memory data is persisted in 
solution that enables load balancing of workload between a persistence layer 565 , so that the data is available upon 
primary system and a backup system must maintain the restart or recovery . 
backup system in an identical , or nearly identical , state as the Primary system 505 may be the primary operational 
primary system . Such a solution should also avoid or pro- 35 system for providing the various functionality necessary to 
hibit any actions which may cause the state of the backup support 24/7 operations for an organization . Secondary 
system to substantially diverge from the state of the primary system 510 may be a hot - standby , ready to come online with 
system . In this way , in the event of a partial or total failure minimal recovery time so as to minimize downtime . Sec 
of the primary system due to disaster , the backup system can ondary system 510 may be an identical physical system as 
failover to a primary system mode with minimal or no 40 primary system 505 , and may be configured in a substan 
impact to client applications . tially identical manner in order to enable the secondary 
FIG . 5 depicts one possible solution to managing load system 510 to provide all the same functionality as primary 

balancing in a HA / DR system 500. HA / DR system 500 system 505. For example , processing control 560 may 
includes a primary system 505 and a secondary system 510 include all the same applications and functionality as pro 
and is capable of load balancing between primary system 45 cessing control 555 , and persistence layer 570 may include 
505 and secondary system 510 without interfering with the data volumes 580 and log volumes 590 that are configured 
hot - standby functionality of the secondary system 510. Each in an identical manner as data volumes 575 and log volumes 
of primary system 505 and secondary system 510 may be 585 respectively . Secondary system 510 may also include an 
single instance database systems similar to database system in - memory database kept and maintained primarily in main 
105 depicted in FIG . 1 , or a distributed variation of database 50 memory 540 . 
system 105 as depicted in FIG . 2. Furthermore , each of Primary system 505 and secondary system 510 differ in 
primary system 505 and secondary system 510 may com that all requests , from client 515 or otherwise , that require a 
prise less , more or all the functionality ascribed to index write transaction are executed only in primary system 505 . 
server 110 , 300 , name server 115 , application services server Primary system 505 and secondary system 510 further differ 
120 , extended store server 125 , DDI server 130 , data pro- 55 in that all write transactions are prohibited by the secondary 
visioning server 135 , and stream cluster 140. But , for system 510. In order to propagate changes to the data or the 
simplicity of illustration HA / DR system 500 has been sim underlying schema from the primary system 505 to the 
plified to highlight certain functionality by merely distin secondary system 510 , processor 545 also replicates 530 
guishing between processing control 555 , 560 and a persis transaction logs directly to the process control 560 of the 
tence layer 565 , 570 of each respective system 505 , 510 . 60 secondary system 510. Process control 560 includes one or 
A collection of clients may each maintain an open con more applications that cause processor 550 to then replay the 

nection to both the primary system 505 and the secondary transaction logs replicated from the primary system 505 , 
system 525. For example , client 515 maintains a read / write thereby replaying the transactions at the secondary system 
connection 520 to the primary system 505 and a read only 510. As transaction logs are replayed , the various transac 
connection 525 to the secondary system 510. Alternatively , 65 tions executed at the primary system become reflected in the 
client 515 may maintain a read / write connection with each secondary system 510. In order to ensure both the HA 
of the primary system 505 and the secondary system 510 , functionality and the load balancing functionality , replay of 
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the transaction logs at the secondary system places data in The savepoint can , in some variations , include an undo 
main memory 540 , and also persists any data committed in log of transactions which were open in the savepoint and / or 
the primary system to persistence layer 570 to be stored by a cleanup log of transactions which were committed in the 
data volumes 580. Replay of the transaction logs at the savepoint but not yet garbage collected ( i.e. , data which has 
secondary system 510 may also results in the transaction 5 been deleted by these transactions has been marked as 
logs being persisted in log volumes 590 . deleted but has not been deleted in a physical manner to 

Transaction logs ( e.g. , redo logs , undo logs , cleanup logs , assure multiversion concurrency control ) . 
etc. ) in the log volumes 585 may be replicated in different The recovery log can comprise a log of all changes to the 
ways . Where maintaining a standby system in as close to the database contents ( i.e. , the database system 105 , the primary 
same state as the primary system is an important factor , logs 10 database 505 and / or the secondary database 510 , etc. ) since 
may be replicated synchronously meaning that the primary the last system savepoint , such that when a database server 
system will not commit a transaction until the secondary is restarted , its latest state is restored by replaying the 
successfully responds to the log replication . Such an changes from the recovery log on top of the last system 
arrangement slows performance of the primary system . savepoint . Typically , in a relational database system , the 
Conversely , where performance of a primary system is a 15 previous recovery log is cleared whenever a system save 
priority , logs may be replicated asynchronously , in which point occurs , which then starts a new , empty recovery log 
case the primary operation proceeds with committing trans that will be effective until the next system savepoint . While 
actions without waiting for a response . Various tradeoffs can the recovery log is processed , a new cleanup log is generated 
be made between these two scenarios to achieve a proper which needs to be processed as soon as the commit is 
level of performance while ensuring replication of critical 20 replayed to avoid a growing data area because of deleted but 
data . not garbage collected data . 

It will be appreciated from the detailed description above For read access in arrangements having a primary system 
that such a secondary system in standby mode , such as 505 and a secondary system 510 such as illustrated and 
secondary system 510 , can only be as current as its most described in connection with FIGS . 4 and 5 , a read trans 
recently replayed transaction logs . Transaction logs are 25 action needs to able to see a consistent state of the database 
replicated and replayed at the secondary system 510 only state . This conditions requires the blocking of garbage 
after a transaction executes in the primary system 505 . collection processes for such data which the read transaction 
Secondary system 510 , therefore , is always slightly behind could potentially see . As the garbage collection processing 
an associated primary system 515. Also , there is no guar is part of the recovery log processing this would mean to 
antee that a query routed to the primary system in a load 30 block the recovery queues which would also mean that the 
balancing effort will be executed before , during or after a secondary system 510 cannot be in sync with the primary 
particular transaction log is replayed . Thus , the state of the system 510 anymore , resulting in inacceptable takeover 
primary system 505 and the state of the secondary system times in case of a failure of the primary system . 
will rarely if ever be identical . But , by addressing certain As part of a database system recovery / restart , after the 
concerns , secondary system 510 may be kept in a state 35 savepointed state of data is restored , and before processing 
substantially close to the same state as the primary system of the recovery log commences , all cleanup logs can be 
505 such that the workload required by many operations can iterated through and , in implementations using a history 
be supported by the secondary 510 . manager , passed to the history manager for asynchronous 

With the HA / DR system 500 , an initial copy on the garbage collection processing . 
primary system 505 can be shipped to the secondary system 40 In addition , it can be checked if there are older versions 
510 that can serve as a starting point , where both the primary of the cleanup log present in the savepoint which need to be 
system 505 and the secondary system 510 have identical processed synchronously with regard to the recovery log . In 
data , before transaction log replay commences to synchro such cases , recovery log processing can wait until garbage 
nize all future changes from the primary system 505 to the collection of old versions of cleanup logs finish . However , 
secondary system 510 . 45 recovery log processing can commence when there are 
As noted above , the data of the primary system 505 ( also newer versions of cleanup logs for garbage collection . In 

referred to as the primary system data ) can comprise data cases in which no old versions of cleanup logs exist , 
volumes 350 , 575 comprising a data store together with recovery log replay can start immediately after the cleanup 
undo and cleanup log and recovery log volumes 352 , 590 log from the savepoint has been passed to the history 
comprising the recovery log . Other types of storage arrange- 50 manager . 
ments can be utilized depending on the desired configura In some implementations , savepoints can be written dur 
tion . The data store can comprise a snapshot of the corre ing log replay by the secondary system 510. However , with 
sponding database contents as of the last system savepoint . some arrangements , it is not possible to write savepoints on 
The snapshot provides a read - only static view of the data the secondary system 510 in the same manner as on the 
base as it existed as of the point at which it was created . 55 primary system 510. In the primary system 505 , the save 
Uncommitted transactions , at such time , are not reflected in point will , at the start of an exclusive phase , acquire a 
the snapshot and are rolled back . consistent change exclusive lock to ensure that it sees a 

Database snapshots operate at the data - page level such consistent state of data ( i.e. , no consistent Change running , 
that all pages being modified are copied from the source data etc. ) . However , during recovery , the info of the consistent 
volume to the snapshot prior to their being modified via a 60 changes is missing , so the only position at which no con 
copy - on - write operation . The snapshot can store such origi sistent change is known to be running is a savepoint log 
nal pages thereby preserving the data records as they existed entry that is written by the primary savepoint ( i.e. , the 
when the snapshot was created . savepoint on the primary system 505 ) . Synchronized redo 

System savepoints ( also known in the field of relational replay entry was adopted to ensure that first , all redo 
database servers as checkpoints ) can be periodically or 65 operations are executed up to this savepoint log entry log 
manually generated and provide a point at which the recov position , then the savepoint is executed , and afterwards the 
ery log can be truncated . replay continues . With larger database systems with high 
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load , it can take several minutes to execute the savepoint , relevant for eviction purposes . For example , modifying a 
which will block the log replay on the secondary system data page within the resource container can be deemed to be 
510 , up to the point that the replay cannot be executed on the relevant and the references can indicate same ( which causes 
secondary system 510 at the same speed as it is generated on the time stamp to be updated ) . As another example , a page 
the primary system 505 . can be accessed simply for statistical purposes and the 
A typical savepoint can have three phases . First , in the reference can indicate that such access is not relevant for 

pre - critical phase all modified pages can be iterated through eviction purposes ( which does not result in the time stamp 
and flushed to physical persistence ( i.e. , disk , etc. ) . Second , being updated ) . The references can , for example , be part of 
a critical phase can block all parallel updates and triggers all a header for each resource ( i.e. , one bit can indicate whether 
the remaining I / O to ensure the consistent state of data . 10 an access is relevant for eviction purposes ) . In other cases , 
Lastly , a post - critical phase can wait for all remaining I / O . a separate data structure within the resource container ( e.g. , 

The databases such as in FIGS . 1-5 can include a resource a table ) can indicate whether accesses of resources are 
container ( i.e. , data cache , etc. ) in - memory into which relevant for eviction purposes and optionally also including 
various types of resources can be loaded . These resources a most recent time stamp for eviction purposes 
can include , for example , pages for backup , tables ( or 15 As the flag characterizing the resource needs to be 
portions thereof ) , database execution plans , calculation sce updated atomically with some other flags within the header 
narios and the like . This resource container is allocated in some variations , the flag can be a bit within the header 
memory ( sometimes fixed or sometimes varying ) by , for flags ( as opposed to a separate structure ) . Further , a resource 
example , a memory manager . Memory shortage ( sometimes may be accessed several times with both relevant and 
referred to as out - of - memory ) can happen if all available 20 non - relevant access before the last reference is dropped . In 
memory within such resource container is already allocated those situations , the flag is maintained if at least one access 
or if there is an attempt to allocate more memory than was relevant . If the access ( increment of the reference 
available . In some implementations , the memory manager counter ) is considered to be relevant , the flag can be set . If 
can be used to allocate memory and such memory manager the access ( increment of the reference counter ) is considered 
can evict resources from such resource container . Evicting 25 to be non - relevant , the flag will remain unchanged . If the last 
can include , simply removing the underlying data from reference is dropped and the flag is set , the flag will be reset 
memory or , in other cases , evicting can include causing such and the timestamp updated . 
data ( in cases of certain resources such as modified pages FIG . 6 is a process flow diagram 600 in which , at 610 , 
that have not yet been persisted , etc. ) to be flushed to resources are loaded into a resource container in an in 
physical persistence . In other variations , the memory man- 30 memory database system in which pages are loaded into 
ager can cause the resource container to shrink by , for memory and having associated physical disk storage . Each 
example , iterating over the resources using a least recently resource is assigned with a new time stamp when such 
used mechanism to decide which of the resources to evict . resource is loaded into the resource container . Thereafter , at 

In some implementations , time stamps are associated with 620 , at least some of such resources are subsequently 
each resource within the resource container when they are 35 accessed such that time stamps for accessed resources are 
first loaded into the resource container . Further , in some selectively updated based on a type of access . Using the 
variations , these time stamps for resources are updated to a corresponding time stamps , at 630 , least recently used 
current time stamp when they are subsequently accessed or resources are evicted from the resource container . 
otherwise utilized . The timestamp can be updated when a One or more aspects or features of the subject matter 
last reference to a resource is dropped . This arrangement 40 described herein can be realized in digital electronic cir 
avoids determining the current time and updating the time cuitry , integrated circuitry , specially designed application 
stamp several times if there are parallel accesses to the same specific integrated circuits ( ASICs ) , field programmable 
resource . These time stamps can be used by algorithms to gate arrays ( FPGAs ) computer hardware , firmware , soft 
determine which of the resources within the resource con ware , and / or combinations thereof . These various aspects or 
tainer to evict when , for example , additional memory is 45 features can include implementation in one or more com 
required ( whether from container size shrinking or from puter programs that are executable and / or interpretable on a 
allocation of new resources to the memory ) . For example , programmable system including at least one programmable 
the least recently used ( LRU ) resources ( as indicated by the processor , which can be special or general purpose , coupled 
time stamps ) can be evicted from the resource container in to receive data and instructions from , and to transmit data 
order to meet memory requirements for the resource con- 50 and instructions to , a storage system , at least one input 
tainer . device , and at least one output device . The programmable 
However , in some cases , there can be times at which the system or computing system may include clients and serv 

resources are accessed within the resource container that ers . A client and server are generally remote from each other 
might not be relevant with regard to resource eviction and typically interact through a communication network . 
purposes . As an example , if there is a need to have statistics 55 The relationship of client and server arises by virtue of 
about how many pages are in memory , all pages will be read computer programs running on the respective computers and 
or accessed and each time stamp will be updated ( such that having a client - server relationship to each other . 
all pages have the same or very similar time stamps ) . A least These computer programs , which can also be referred to 
recently used eviction algorithm would cause all of the as programs , software , software applications , applications , 
accessed pages to be evicted at the same time ( because they 60 components , or code , include machine instructions for a 
were all accessed in order to generate the statistics charac programmable processor , and can be implemented in a 
terizing the resource container ) despite some of such pages high - level procedural language , an object - oriented program 
being less likely to be used in the future than other pages ming language , a functional programming language , a logi 
( thus resulting in a non - optimal eviction of resources from cal programming language , and / or in assembly / machine 
the resource container ) . 65 language . As used herein , the term “ machine - readable 

With the current subject matter , references can be made to medium ” refers to any computer program product , apparatus 
characterize whether each particular resources access is and / or device , such as for example magnetic discs , optical 
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disks , memory , and Programmable Logic Devices ( PLD ) , order , to achieve desirable results . Other implementations 
used to provide machine instructions and / or data to a pro may be within the scope of the following claims . 
grammable processor , including a machine - readable 
medium that receives machine instructions as a machine What is claimed is : 
readable signal . The term “ machine - readable signal ” refers 5 1. A computer - implemented method comprising : 
to any signal used to provide machine instructions and / or loading resources into a resource container in an in 
data to a programmable processor . The machine - readable memory database system in which pages are loaded in 
medium can store such machine instructions non - transito to memory and having associated physical disk storage , 

wherein each resource is assigned a corresponding flag rily , such as for example as would a non - transient solid - state and a corresponding new time stamp when such memory or a magnetic hard drive or any equivalent storage resource is loaded into the resource container ; medium . The machine - readable medium can alternatively or performing an access on a first resource in the resource additionally store such machine instructions in a transient container by : manner , such as for example as would a processor cache or incrementing a reference counter for the first resource ; other random access memory associated with one or more determining whether to set the flag of the first resource physical processor cores . based on whether the access is relevant for eviction 
To provide for interaction with a user , the subject matter purposes ; 

described herein may be implemented on a computer having decrementing the reference counter upon completion of 
a display device ( e.g. , a CRT ( cathode ray tube ) or LCD 
( liquid crystal display ) monitor ) for displaying information 20 updating , when a reference counter for the first resource 
to the user and a keyboard and a pointing device ( e.g. , a reaches zero , the time stamp of the first resource when 
mouse or a trackball ) and / or a touch screen by which the the flag is set ; and 
user may provide input to the computer . Other kinds of evicting , based on their corresponding time stamps , least 
devices may be used to provide for interaction with a user as recently used resources from the resource container . 
well ; for example , feedback provided to the user may be any 25 2. The method of claim 1 , wherein the evicting occurs 
form of sensory feedback ( e.g. , visual feedback , auditory when memory within the resource container needs to be 
feedback , or tactile feedback ) ; and input from the user may allocated to a different or expanding resource . 
be received in any form , including acoustic , speech , or 3. The method of claim 1 , wherein the evicting occurs 
tactile input . when a size of the resource container is reduced . 

In the descriptions above and in the claims , phrases such 30 4. The method of claim 1 further comprising : modifying 
as " at least one of ” or “ one or more of ” may occur followed a header of each accessed resource to indicate whether such 
by a conjunctive list of elements or features . The term access is relevant for eviction purposes or not relevant for 
“ and / or ” may also occur in a list of two or more elements or eviction purposes . 
features . Unless otherwise implicitly or explicitly contra 5. The method of claim 4 , wherein the modifying of the 
dicted by the context in which it is used , such a phrase is 35 header comprising changing a bit in the header . 
intended to mean any of the listed elements or features 6. The method of claim 1 , wherein the resources comprise 
individually or any of the recited elements or features in at least one of : data pages , database calculation plans , tables 
combination with any of the other recited elements or or portions thereof , or database execution plans . 
features . For example , the phrases " at least one of A and B ; " 7. The method of claim 1 , wherein the evicting comprises 
“ one or more of A and B ; ” and “ A and / or B ” are each 40 flushing resources corresponding to modified pages to be 
intended to mean “ A alone , B alone , or A and B together . ” evicted from in - memory to physical disk persistence . 
A similar interpretation is also intended for lists including 8. The method of claim 1 , wherein the evicting comprises 
three or more items . For example , the phrases “ at least one deallocating memory for the corresponding resources within 
of A , B , and C ; " “ one or more of A , B , and C ; ” and “ A , B , the resource container . 
and / or C ” are each intended to mean “ A alone , B alone , C45 9. A system comprising : 
alone , A and B together , A and C together , B and C together , at least one data processor ; and 
or A and B and C together . ” In addition , use of the term memory storing instructions which , when executed by the 
“ based on , " above and in the claims is intended to mean , at least one processor , result in operations comprising : 
“ based at least in part on , ” such that an unrecited feature or loading resources into a resource container in an in 
element is also permissible . memory database system in which pages are loaded 

The subject matter described herein can be embodied in in to memory and having associated physical disk 
systems , apparatus , methods , and / or articles depending on storage , wherein each resource is assigned a corre 
the desired configuration . The implementations set forth in sponding flag and a corresponding new time stamp 
the foregoing description do not represent all implementa when such resource is loaded into the resource 
tions consistent with the subject matter described herein . 55 container ; 
Instead , they are merely some examples consistent with performing an access on a first resource in the resource 
aspects related to the described subject matter . Although a container by : 
few variations have been described in detail above , other incrementing a reference counter for the first 
modifications or additions are possible . In particular , further resource ; 
features and / or variations can be provided in addition to 60 determining whether to set the flag of the first 
those set forth herein . For example , the implementations resource based on whether the access is relevant 
described above can be directed to various combinations and for eviction purposes ; 
subcombinations of the disclosed features and / or combina decrementing the reference counter upon completion 
tions and subcombinations of several further features dis 
closed above . In addition , the logic flows depicted in the 65 updating , when a reference counter for the first resource 
accompanying figures and / or described herein do not nec reaches zero , the time stamp of the first resource 
essarily require the particular order shown , or sequential when the flag is set ; and 
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evicting , based on their corresponding time stamps , wherein each resource is assigned a corresponding flag 
least recently used resources from the resource con and a corresponding new time stamp when such 
tainer . resource is loaded into the resource container ; 

10. The system of claim 9 , wherein the evicting occurs performing an access on a first resource in the resource 
when memory within the resource container needs to be 5 container by : 
allocated to a different or expanding resource . incrementing a reference counter for the first resource ; 

11. The system of claim 9 , wherein the evicting occurs determining whether to set the flag of the first resource 
when a size of the resource container is reduced . based on whether the access is relevant for eviction 

12. The system of claim 9 , wherein the operations further purposes ; 

comprise : modifying a header of each accessed resource to decrementing the reference counter upon completion of 
indicate whether such access is relevant for eviction pur 
poses or not relevant for eviction purposes . updating , when a reference counter for the first resource 

13. The system of claim 12 , wherein the modifying of the reaches zero , the time stamp of the first resource when 
header comprising changing a bit in the header . the flag is set ; and 

14. The system of claim 9 , wherein the resources com evicting , based on their corresponding time stamps , least 
prise at least one of : data pages , database calculation plans , recently used resources from the resource container . 
tables or portions thereof , or database execution plans . 18. The computer program product of claim 17 , wherein 

15. The system of claim 9 , wherein the evicting comprises the evicting occurs when memory within the resource con 
tainer needs to be allocated to a different or expanding flushing resources flushing resources corresponding to 

modified pages to be evicted from in - memory to physical 20 resource and / or when a size of the resource container is 
reduced . disk persistence . 

16. The system of claim 9 , wherein the evicting comprises 19. The computer program product of claim 18 , wherein 
deallocating memory for the corresponding resources within the operations further comprise : modifying a header of each 

accessed resource to indicate whether such access is relevant the resource container . 
17. A non - transitory computer program product storing 25 for eviction purposes or not relevant for eviction purposes . 

instructions which , when executed by at least one data 20. The computer program product of claim 19 , wherein 
processor forming part of at least one computing device , the evicting comprises : flushing resources to be evicted from 
result in operations comprising : in - memory to physical disk persistence and / or deallocating 

loading resources into a resource container in an in memory for the corresponding resources within the resource 
30 container . memory database system in which pages are loaded in 

to memory and having associated physical disk storage , 
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